The paper examines the dynamics of international portfolios with a unique data set on the stock allocations of approximately 6,500 international equity funds domiciled in four different currency areas. The disaggregated data structure allows us to examine whether fluctuations in foreign exchange and equity risk of a portfolio due to realized returns on financial assets trigger rebalancing behavior at the fund and stock level. The data provide strong support for portfolio rebalancing behavior aimed at reducing both exchange rate risk and equity risk exposure. We also provide a simple model of rebalancing compatible with those facts.
Introduction
The gross stocks of cross-border assets and liabilities have increased dramatically from roughly 50 percent of world GDP in the early 1990's to more than 120 percent a decade later. Capital gains and losses on those assets have significant effects on the current account. Valuation effects induced by asset price changes become quantitatively large relative to traditional product account determinants of the current account.
1 What are the consequences of those valuation effects for international asset price dynamics? How do international investors adjust their risk exposure in response to the fluctuations in realized returns that they experience on their positions? These questions have revived interest in the portfolio balance models of the 1970s, which was devoted to the issue of international asset allocation and its relationship to exchange rate behavior. 2 This literature has often been dismissed for lack of microfoundations and inconclusive empirical performance in aggregate data. In the absence of suitable microeconomic data, it proved difficult to link differences in home and foreign investment returns to any observable capital flows. But the increased leverage of the current international asset positions makes it important to revisit this linkage. At the heart of portfolio balance models lies the assumption that assets are imperfect substitutes. For example, foreign assets are imperfect substitutes for domestic assets since foreign investment carries additional exchange rate risk. Exchange rate risk may be imperfectly traded and contribute to the observed home bias of the international investment pattern.
But more interesting still are the dynamic implications of limited asset substitutability. First, consider its role for international asset price dynamics. Assume that the foreign stock market outperforms the investor's home equity market. This alters the investors' actual portfolio shares relative to his desired allocation. The home country investor -unlike the foreign investor -faces increased exchange rate risk and therefore wants to sell foreign assets for home assets, i.e. rebalance his portfolio. The corresponding capital flow appreciates the home currency and mitigates the original valuation shock in the equity market. Hau and Rey (2006) show that portfolio rebalancing implies an 'equity parity condition' in which exchange rates adjust and partly off-set the valuation effects of differential equity market performance. They provide evidence that dollar exchange rate changes of OECD countries are indeed negatively related to the relative performance of the respective equity markets. Higher stock returns in the European equity markets over the U.S. markets for example correlate with a depreciating Euro at frequencies ranging from a day to a quarter.
Second, imperfect asset substitutability has important consequences for the international financial adjustment to macroeconomic imbalances. Large trade deficits like those observed for the U.S. in the last decades depend on foreigners' willingness to hold U.S. assets. External adjustment may take the form of either future trade surpluses or capital gains on the net foreign asset position. Imperfect international asset substitutability is necessary for the asset valuation channel to operate and plays a relatively important role for the short and medium term external adjustment as shown in Gourinchas and Rey (2007) . Evidence on the portfolio balance model is therefore informative about the relative importance of the trade and valuation channels in the international financial adjustment mechanism.
Third, imperfect asset substitutability can rationalize observable patters of fund rebalancing. A difference between return induced and desired portfolio shares provides a motive for trading and portfolio risk adjustment. This rebalancing behavior concerns both domestic and foreign stocks.
The main contribution of the paper is empirical. But to better frame the empirical analysis, we start with a simple model of portfolio rebalancing for international funds facing both exchange rate risk and equity risk.
The model allows us to derive various testable implications about fund rebalancing. In a second step, we use a unique data set to track the investment strategies of international equity fund managers at the stock level.
We can therefore observe portfolio rebalancing behavior "under a microscope" in a sample of pronounced heterogeneity both in investor location and investment destination. This approach provides a more direct and powerful test of portfolio rebalancing behavior compared to empirical work based on aggregate data. We highlight the following findings concerning foreign share rebalancing, fund level risk rebalancing and stock level risk rebalancing:
• Funds adjust their foreign portfolio share to mitigate the valuation effects of asset price changes. A higher equity return on the foreign portfolio share compared to the domestic share comes with capital repatriation, while foreign asset underperformance coincides with capital expatriation.
• At the fund level we find that a total portfolio risk increase (decrease) due to valuation effects coincides with active rebalancing which decreases (increases) the overall portfolio risk. Fund level rebalancing behavior is documented both for changes in total equity risk (in investor currency) as well as for changes in the foreign exchange (FX) risk component.
• At the stock level, we calculate the valuation induced change in the marginal risk contribution of each stock to the total portfolio risk. Active reversal of marginal risk changes is found to be strong at the stock level if the marginal risk change and the overall portfolio risk change have the same direction (both increase or decrease), but absent if marginal risk and portfolio risk changes have opposite directions.
The rebalancing evidence at the stock level is very strong for both overall equity risk and as well as for the FX component of the portfolio risk.
The previous literature tests portfolio balance models on the base of macroeconomic data. The corresponding results are generally inconclusive (Frankel (1982b) , Frankel (1982a) , Rogoff (1984) , Park (1984) , Loopesko (1984) ). In a classic and widely cited paper, Bohn and Tesar (1996) analyze return chasing and portfolio rebalancing in a simple ICAPM framework.
3 Their analysis, based on aggregate US data -the only data available at the time-differs substantially from ours. First, the U.S. financial account data limits the analysis to U.S. transactions in foreign markets. Second, the data identify the transaction location, but not the asset location or currency denomination of the asset. Purchases of U.S. investors in the London markets are reported as U.K. asset transactions even if they concern a French stock. Third and most importantly, Bohn and Tesar (1996) had to assume that the representative investor was restricted to holding national indexes. 4 Within this framework, Bohn and Tesar found "only partial support for the return-chasing hypothesis (p. 80)". They also emphasize that the return chasing appears not to be profitable as it occurs "apparently not in the right markets at the right time". In another classic paper Brennan and Cao (1997) study the effect of information asymmetries between domestic and foreign investors on international portfolio flows. The main empirical prediction of their model is a positive contemporaneous correlation between net purchases of equities and returns, which they confirm for U.S. investments into 3 out of the 4 developed countries they study. However, they do not find any positive correlation for foreign investments into U.S.
assets. Brennan and Cao (1997) face similar data limitations as Bohn and Tesar (1996) ; they use aggregate data on U.S. international transactions and need to assume that investors hold aggregate indices. The authors suggest that their results should be interpreted with caution, as it is also consistent with "exogenous shifts in U.S. investors' demand for foreign securities, that are unrelated to new information [...]" (p.1855).
Given the importance of these results in the current literature and the scarcity of stylized facts regarding international investment behavior, it seems important to revisit the determinants of international portfolio flows with microeconomic data. Our data allow us to analyze the fund as the decision entity as opposed to a fictional representative national investor. Moreover, we are able to use the correct return on a fund portfolio as opposed to a return proxy given by the aggregate stock market index. The econometric advantages of the microeconomic approach are obvious. First, the approximately 4.5 million observations in our pooled sample imply a tremendous increase in statistical power. Second, inference based on fund heterogeneity also attenuates the role played by aggregate demand and price impact which make macro studies difficult to interpret.
Our paper fits into a recent and scarce literature on portfolio analysis at the microeconomic level. Closely related is Calvet, Campbell and Sodini (2009) who investigate whether Swedish households adjust their risk exposure in response to the portfolio returns they experience during the period 1999-2002. They examine the rebalancing between the risky share of households portfolios and riskless assets and, interestingly, find evidence of portfolio rebalancing especially for the most educated and wealthiest households. They show that there is "strong household level evidence of active rebalancing, which on average offsets about one half of idiosyncratic passive variations in the risky asset share". Our own analysis differs in its focus on the international investment of institutional investors with explicit consideration and computation of the exchange rate and portfolio risk. 5 In short, we believe we are the first ones to provide an empirical study 4 Another important difference with our paper is that their theoretical set up assumes away exchange rate risk. 5 Another interesting recent study Broner, Gelos and Reinhart (2006) focuses on emerging market funds and assumes, in the absence of stock level data, that funds hold a portfolio well proxied by the IFC US$ total return investable index. Our sample is not restricted to emerging market funds nor to aggregate return indices. It is also much larger. The total capitalization of the funds under study in Broner et al. (2006) is $120 bn at the end of their sample in 2000 while our sample totals around $3,000 bn in market capitalization that year. Froot, O'Connell and Seasholes (2001) is a high frequency study based on the transaction data of one global custodian (State Street Bank &Trust). They look at the effect of aggregate cross country flows on MSCI country returns. Our study focuses on a different time scale (semester instead of daily frequency) and uses a whole of portfolio rebalancing behavior on a wide sample of international funds using stock level data and fund specific portfolio returns.
The following section 2 presents a simple two-country model with three periods. Its parsimonious microeconomic structure allows us to derive 4 testable propositions. Of particular interest are propositions 3 and 4 which concern the rebalancing dynamics at the fund level both for equity risk and foreign exchange risk.
Section 3 presents the new microdata. It allows us to examine the model predictions about the foreign equity share dynamics in section 4.1 and portfolio risk dynamics in section 4.2. Section 4.3 extends this analysis further to the stock level rebalancing reaction conditional on the direction of the marginal risk change and the portfolio risk change. Section 5 concludes.
Model
We present a simple model to develop a series of testable implications for the investment dynamics on the fund level. The model simplifies the continuous time framework in Hau and Rey (2006) to a discrete time version with three periods. The model features a mean-variance framework and abstracts from any consumption related model structure. The important market friction is that investors cannot internationally trade their FX exposure through state contingent derivative contracts. The latter assumption captures an observable investment constraint or behavior of many fund managers discussed in Levich, Hayt and Ripston (1999) .
Assumption 1: Investment Opportunities
Home and Foreign investors with mean-variance preferences in terminal wealth and a risk aversion ρ make optimal portfolio allocation decisions in periods 1 and 2 to maximize their terminal wealth in period 3.
6 Each investor can invest in risky home and foreign stocks with independent normally distributed (period 3) liquidation values, V f and V h , respectively, or in a domestic riskless asset with return r. In addition, the home and foreign stock each pay a stochastic (mean zero) dividend in period 3, d h and d f , respectively. The terminal exchange rate E 3 is also assumed to be normally distributed and uncorrelated with the stock payoffs. Formally the asset payoffs are given by
cross section of fund specific investment decisions and stock level data. For a high frequency study linking exchange rates to aggregated institutional investors flows using State Street Bank & Trust data see Froot and Ramadorai (2005) . 6 Alternatively, we could assume a CARA utility function for the investors, which -for normally distributed returns -amounts to a mean-variance utility framework. However, only the linearized version of the model features normally distributed returns to which the utility equivalence applies.
The normality assumption for the payoffs is a convenient specification to obtain linear asset demand functions in a mean-variance framework of investor preferences. We assume that the risk aversion of the investors is sufficiently low (ρ < ρ) to ensure that the international risk sharing equilibrium exists under exogenous exchange rate risk. For simplicity we normalize all unconditional terminal asset payoffs to one.
We also abstract from more complicated correlation structures between the terminal asset prices in order to simplify the exposition and model solution. Any correlation in the payoff structure will diminish the benefits from international asset diversification without altering any of the qualitative findings in the subsequent analysis. Finally, the model is formulated only for one home and one foreign asset. However, the general insights carry over to the case where the home and foreign assets are themselves portfolios of many individual stocks.
Assumption 2: Information Structure
At the beginning of period 2, both investors learn of the dividend payments (d
The conditional terminal asset price distributions are then given by
With a very small probability > 0 the market is closed in period 2 so that investors cannot rebalance their portfolio.
The analytical focus of the model is on the rebalancing effect of the dividend payoff information. It is assumed throughout the paper that the exchange rate risk cannot be hedged and that the optimal risk management of the investors is reflected in the asset holdings. We also highlight that the full revelation of the dividend values in period 2 and continued investor uncertainty about the liquidation values is just a stylized representation of partial revelation of different stock market fundamentals in the two countries.
Other Bayesian formulations of the same problem are possible, but are likely to be more complicated. The small probability of market closure in period 2 ensures that investors have an incentive to acquire optimal portfolios in period 1. Otherwise the period 1 holdings would be indeterminate since an investor could always wait until period 2 to implement his optimal portfolio choice. A small likelihood of market closure in period 2 eliminates this indeterminacy.
Next we turn to the asset supply assumptions and the market clearing conditions.
Assumption 3: Asset Supplies
The net supply of equity is constant and normalized to 1. The riskless rate is in perfectly elastic supply and is constant at r. Excess demand for foreign currency D
F x t
is balanced by an elastic supply with elasticity η.
denote the equity demands of the home and foreign investor, respectively. Let E denote the exchange rate defined such that an increase in E is a depreciation of the home country currency. Hence, we have (for t = 1, 2)
A fully elastic supply of the riskless asset and a fully inelastic supply of the risk asset are common in the finance literature. This describes a world in which investments with low and safe returns are always abundant, while investments with high payoff are both risky and in limited or fixed supply. The assumption about the constant elastic currency supply in periods 1 and 2 is quite natural. Assuming foreign exchange dealer with a utility function in mean and variance, we can show that their currency supply corresponds to a linear function η(E t − 1) given a normally distributed terminal value for foreign exchange balances. The linear currency supply can therefore be interpreted as a reduced form to a more elaborate FX market model with risk averse dealers (see Hau and Rey (2006) ).
Solving the Model
Solving for the model is straightforward and mostly relegated to the appendix. We simply outline the major steps which allow us to characterize the solution. In period 1, the excess return of home and foreign investment over the risk-less rate is given by the vector R = (R h , R f ) T for the home country investor and by R * = (R h * , R f * ) T for the foreign country investor. 7 Excess returns are denominated in the currency of the investor and an increase in the exchange rate E denotes a depreciation of the domestic currency.
The conditional covariance Ω 2 and Ω * 2 depends on the dividend realization (d h , d f ) and we find
The period 3 equity prices (P h 3 , P f 3 ) will now reflect any asymmetric realization of dividend payouts (d
This in turn implies that, under high foreign dividends, the foreign asset is more valuable and therefore the foreign investment constitutes a large exchange rate exposure. Optimal asset demands in period 2 have to account for the higher conditional variance. We show that it leads to rebalancing into domestic equity. The model considers partial revelation of the stocks payoffs in period 2, which diminishes the payoff risk. In contrast, exchange rate risk is fixed. Hence exchange rate risk plays conditionally a bigger role in period 2 compared to period 1. This gives rise to an "automatic rebalancing" effect towards home currency holdings in period 2. But this is of no consequence for our theoretical and our empirical results. Our results are about the covariance between rebalancing and returns and the covariance between active and passive risk rebalancing. The "automatic rebalancing" described above is like a time effect and does not alter any of these covariances. The model could be purged of the "automatic rebalancing" effect by assuming that conditional exchange rate risk decreases in the same proportion as stock payoffs. Such a modification is however immaterial for our results. Hence we favor the simpler model set-up.
Market clearing in the exchange rate market then implies
In order to solve the model for the two periods, we have to first conjecture a linear solution for all asset prices as a function of the dividend realizations. In a second step, we substitute these asset price solutions into the demand functions and use the market clearing and supply constraints to determine all coefficients.
The appendix provides the solutions.
Model Implications
We summarize the implications of the model in 4 separate testable propositions. Propositions 1 and 2 concern stylized facts documented in the literature. Propositions 3 and 4 concern directly the rebalancing behavior at the investor level. The latter implications have not yet been subjected to empirical testing.
Proposition 1: Equilibrium Prices and Portfolio Allocations
International investors exposed to exchange rate risk (as described in assumptions 1 and 2) choose optimal period 1 asset allocations given by
The corresponding unique equilibrium prices in period 1 follows as
Proof: For the derivation see Appendix.
The asset prices of the home and foreign equity are identical in period 1 because of identically distributed unconditional payoffs. The term 1/(1+r) for period 1 equity prices denotes the present value of the expected liquidation value and the second term captures a price discount linear in the risk aversion ρ of the investors.
Home and foreign investors hold symmetric positions biased towards home assets. The home bias can be quantified as
and equals the proportion of foreign exchange rate risk Formally, new dividend information in period 2, changes prices to
with positive constants P 2 , E 2 , positive coefficients γ, β, θ with γ − β > 0, and
Information about different stock market fundamentals (d h −d f 6 = 0) creates a negative covariance between relative home and foreign stock price performance P h 2 − P f 2 and the exchange rate, that is
Asset prices in period 2 therefore feature a particular correlation structure in spite of the assumed independence of the final asset payoffs. When faced by increased foreign exchange risk due to an appreciation of the foreign assets of their portfolios relative to the domestic ones, investors rebalance out of foreign assets. This risk rebalancing investment strategy implies net sales of the foreign currency and hence an appreciation of the domestic exchange rate. This correlation structure of stock prices and exchange rates, called "uncovered equity parity condition" by Hau and Rey (2006) , has also been examined by Brooks, Edison, Kumar and Slok (2001) , Krylova, Cappiello and Santis (2005) and Chaban (2008) . For most OECD countries the exchange rate returns and differential stock market returns feature the predicted negative correlation at all frequencies from daily to quarterly data. Such covariance structures could potentially be induced by macroeconomic channels which do not rely on portfolio rebalancing. It is therefore interesting to explore direct microeconomic evidence on the relevance of the portfolio channel. Proposition 3 states the microeconomic hypothesis of fund rebalancing:
Proposition 3: Portfolio Rebalancing Measures Based on Portfolio Shares International investors exposed to exchange rate risk react to (relatively) higher returns on their foreign portfolio component by rebalancing into domestic assets. We define a measure of 'active rebalancing' from foreign to domestic equity for the home country investor as
A more direct approach to the analysis of rebalancing behavior is to measure its effect on the exchange rate risk of the portfolio. We can decompose the return vector denominated in home currency R into a pure equity return vector denominated in local currency R Eq and the complementary exchange rate vector R F x = R − R Eq . Accordingly, the covariance matrix can be decomposed into the pure equity covariance and into a complementary exchange rate covariance matrix, that is
where we define
The total portfolio risk of an international investor and the exchange rate component can be defined as
respectively. We can now characterize rebalancing behavior based on portfolio risk in proposition 4:
Proposition 4: Portfolio Rebalancing Measures Based on Portfolio Risk
International investors reduce their exposure to exchange rate risk after an increase in such exposure following differences in equity performance at home and abroad. We denote by w 1 = (w 
where the first line corresponds to the total portfolio risk while the second line accounts for changes in foreign exchange risk only. Active risk changes due to optimal portfolio management are given by
where the first line corresponds to the total portfolio risk while the second line accounts for changes in foreign exchange risk only. Risk rebalancing implies a negative covariance between passive and active weight changes
for total risk and exchange rate risk rebalancing, respectively.
An increase in the portfolio risk between periods 1 and 2 due to the dividend information is measured by the term ∆Risk( b w 2 , w 1 ) for the total portfolio risk and by ∆Risk F x ( b w 2 , w 1 ) for the exchange rate risk. The optimal portfolio adjustment and the corresponding change in risk is measured by the term ∆Risk(w 2 , b w 2 ) for the total risk and ∆Risk F x (w 2 , b w 2 ) for its exchange rate component. The model predicts that any risk increase of a passive strategy should be counterbalanced by weight changes inducing a portfolio risk reduction. Hence we expect a negative covariance.
3 Data 
11
The TFS holding data comprise fund number, fund name, management company name, country code of the fund incorporation, stock identifier, country code of the stock, stock position (number of stocks held),
reporting dates for which holding data is available, security price on the reporting date and the security price on the closest previous days in case the reporting date had no price information on the security, total return index (including dividend reinvestments) in local currency, and daily dollar exchange rates for all investment destinations. Most funds report only with a frequency of 6 months. This suggests that the analysis is best carried out at a semi-annual frequency. Reporting dates differ somewhat, but more than 90 percent of the reporting occurs in the last 30 days of each half-year. Roughly a third of the funds also report on a quarterly frequency and a still smaller percentage at the monthly frequency. Moving to quarterly or monthly reporting frequency implies a substantial sample reduction.
A limitation of the data is that they do not include any information on cash holdings, financial leverage, investments in fixed income instruments or investments in derivative contracts. All the portfolio characteristics we calculate therefore concern only the equity proportion of a fund's investment. We believe that missing cash holdings in home currency or financial leverage are not a major concern for our analysis, since leverage simply implies a scaling of the absolute risk by a leverage factor. All our analysis is based on portfolio shares and therefore not affected by leverage decisions which scale the absolute risk but do not alter the 11 Another paper using disaggregated data on international institutional investors holdings is Covrig, Fontaine, Jimenez-Garcs and Seasholes (2007) who focus on the effect of information asymmetries on home bias. Thomas, Warnock and Wongswan (2004) use TIC data and aggregate return indices to study the international holdings of US investors. Albuquerque, Bauer and Schneider (2007) presents an interesting model with investor heterogeneity within countries to explain some stylized facts on aggregate internationational equity flows and aggregate returns.
unit risk based on portfolio shares.
12 A more serious concern is that funds may carry out additional hedging operations which escape our inference. In spite of this data shortcoming, we believe that the analysis is still informative. As documented in previous surveys (Levich et al. (1999) ), most mutual funds do not engage in any derivative trading and their equity position may therefore represent an accurate representation of their risk taking. We also note that any additional hedging is likely to attenuate rebalancing and therefore bias the predicted negative correlation towards zero.
To keep the data processing manageable, we focus our analysis on funds domiciled in four geographic regions, namely the United States (US), Canada (CA), United Kingdom (UK) and the Euro area (EU). 13 .
These locations represent 88 percent of all semi-annual fund reports in our data and constitute 91 percent of all reported positions. Euro area funds are pooled together because of their common currency after 1999
and very little relative exchange rate movement in 1997 to 1999. In order to reduce data outliers and limit the role of reporting errors, a number of data filters are employed:
• We retain holding data only from the last reporting date of a fund in half-year. Fund holdings are only taken into account for reporting dates within the last 100 days of the half-year. A fund has to feature in two consecutive half-year periods in order to be retained. Consecutive reporting dates are a pre-requisite for the dynamic inference in this paper. The first reporting half-year to be retained is 1998.
14
• Funds are retained if their total asset holding exceeds 10 million U.S. Dollars. Smaller funds might represent incubator funds and other non-representative entities.
• We retain only international funds which hold at least 5 stocks in the domestic currency and at least 5 stocks in another currency area. This excludes all funds with less than 10 stock positions and also purely domestic or purely international funds. International rebalancing for the latter might be incompatible with the fund investment objective.
15
• Non-diversified funds with extreme investment biases in very few stocks are also ignored. We consider a fund diversified if fund weights produce a Herfindahl-Hirschman index below 20 percent.
• We discard funds if their return on combined equity holdings exceed 200 percent or if they lose more than 50 percent of their equity holdings over a half-year. Individual stock observations are ignored if they feature extreme half-annual returns which exceed 500 percent or below −80 percent.
To start we examine the representativeness of our disaggregated data set. For this purpose we compute the correlations statistics of aggregate destination country holdings in our sample with the aggregate cross-12 This argument is only valid for home currency cash and cannot be maintained if cash is held in foreign currency. In the latter case the exchange rate risk alters the risk features of the portfolio.
13 Ireland, Finland, France, Greece, Germany, Austria, Netherlands, Italy, Belgium, Luxembourg, Portugal, Spain. 14 Very few holdings were reported in the first semester of 1997. The first sizeable combination of consecutive reporting dates is therefore 1997/2 and 1998/1 which is reported under 1998/1. 15 We are also unable to capture any 'household rebalancing' which might consist in rebalancing out of foreign country funds into purely domestic equity funds. Table 1 . They range from 0.73 for Euro area funds to 0.99 for Canadian funds. The high correlations for both years suggests that our sample is representative of foreign equity positions in the world economy.
Next, we document the summary statistics for the fund holding data according to fund domicile. In Table   2 , 
Empirical analysis
The main contribution of this paper is to document rebalancing behavior based on microeconomic data across a broad sample of funds and countries. Using disaggregated data allows for a more precise identification of portfolio rebalancing both in response to equity risk and to exchange rate risk. Section 4.1 examines rebalancing evidence based on the time series of the foreign portfolio share. Rebalancing out of foreign equity is considered an implicit risk reduction due to a decrease in exchange rate risk exposure. In Section
4.2, we analyze portfolio risk explicitly by calculating it from the fund specific covariance matrix of all fund positions and their corresponding portfolio weights. Rebalancing is defined here as the reversal of portfolio risk changes. Section 4.3 carries out additional analysis at the stock level as a robustness check to the previous results.
Foreign Portfolio Share Rebalancing
According to proposition 3, domestic and foreign equity are imperfect substitutes because of differences in exchange rate risk exposure for the home and foreign investors. We show that, if exchange rate risk is imperfectly traded, equity holdings themselves dynamically reflects this lack of substitutability. In particular, a relative increase in the value of the foreign portfolio share triggers a rebalancing in favor of domestic equity and vice versa. The rebalancing behavior reflects the desire of investors to partly off-set exogenous changes in exchange rate risk exposure. The domestic investor is not exposed to exchange rate risk and therefore accommodates the rebalancing desire of the foreign investor. But do fund managers indeed sell foreign equities whenever foreign holdings outperform the domestic part of their portfolio in order to decrease their exposure to exchange rate risk? In order to answer this question, we measure portfolio rebalancing by computing the active rebalancing statistic RB f of proposition 3. It compares the actual foreign equity weights to those implied by a simple holding strategy which induces weight changes stemming only from valuation effects. A negative rebalancing statistic implies an active decrease of the foreign equity weight in the portfolio, while a positive rebalancing statistic indicates an active increase in foreign exchange rate exposure. Let the portfolio weight of foreign securities at date t in the portfolio of fund j be denoted by w f j,t . Formally, the active rebalancing statistic for fund j is defined as
where r P j,t represents the total portfolio return and r f j,t the return on the foreign component of the portfolio of fund j between dates t − 1 and t. Furthermore,
where 1 s=f is a dummy variable which is 1 if stock s is a foreign stock and 0 otherwise. We note that if we define symmetrically a rebalancing measure for the domestic part of the portfolio, we get Table 3 . It is highest for Euro area funds at 10 percent and lowest for the U.K. and U.S. funds at 5.5 and 6.1 percent, respectively. The lower variation for both the U.K. and the U.S. follow from a strong foreign investment bias for U.K. funds and a strong home bias for U.S. funds. By contrast, the E.U. fund sample is more evenly distributed in terms of its foreign investment share, which leaves more scope for valuation effects and consecutive rebalancing.
The total portfolio return r P j,t on fund j is defined as
where r i,t is the return on security i and N j is the total number of stocks in the portfolio of fund j. The foreign and domestic return components of the portfolio are defined as
As a test of the rebalancing hypothesis, we regress the portfolio rebalancing measure on the excess return of the foreign part of the portfolio over the home part of the portfolio, that is
where k = 0 represents instantaneous rebalancing and k = 1, 2, 3... captures delayed portfolio reallocations.
Time dummies D t capture all common reallocations in each period which are not related to relative return differences and c j represents a fund fixed effect. For the half-annual data in our data set, we restrict the analysis to k = 0 and k = 1. The rebalancing hypothesis outlined in the model implies a negative regression coefficient (α < 0). Note that a passive buy and hold strategy of an index produces RB f j,t = 0 and should imply a zero coefficient. Table 4 reports the regressions results for funds from the United States (US), Canada (CA), the United Kingdom (UK) and Euro area (EU), respectively, as well as the pooled regression results. The baseline regression with contemporaneous returns (k = 0) yields a statistically significant negative coefficient for all the geographic areas. The results are very robust and hold when we include time fixed effects and fund fixed effects as well as the lagged dependant variable. The strongest rebalancing is found for Canadian and Euro area funds with coefficients of −8.99 and −6.00, respectively. We note that such rebalancing generates important aggregate capital flows if the home and foreign market show pronounced performance differences.
An excess performance of the foreign portfolio share by 10 percent implies a 0.466 (= .10 × 4.66) percent aggregate shift towards domestic holdings in the pooled sample (our preferred specification includes time, country and funds fixed effects). Applied to an aggregate foreign equity position of 4 trillion U.S. dollars, the corresponding equity flow amounts to around 18.6 billion U.S. dollars.
18 Thus the portfolio rebalancing channel generates economically significant international equity flows.
It is also interesting to explore the possible asymmetries in the rebalancing behavior of international investors. For this purpose, we split the sample into negative and positive excess returns and estimate separate regression coefficients α + and α − for positive and negative return differentials. Formally, we have
where 1 ∆r≥0 represents a dummy which is equal to 1 whenever the foreign excess return ∆r = r f j,t−k − r h j,t−k ≥ 0 and 0 otherwise. The complementary dummy marking negative foreign excess returns is given by 1 ∆r<0 . Both coefficients are generally negative for all geographical areas, but rebalancing appears to be stronger for an overexposure to exchange rate risk than for an underexposure except for the U.K. funds. In the pooled sample, the rebalancing coefficient for positive foreign excess performance is at −6.79, almost twice as negative as the −3.37 in case of negative foreign underperformance. The equity capital repatriation effect is quantitatively stronger than the capital expatriation effect.
19
Looking only at contemporaneous rebalancing (k = 0) may underestimate the permanent effect of return differentials on capital reallocation. Some rebalancing might occur with a time lag and hence not be fully captured by the contemporaneous return differential. Columns (3), (7), (11), and (15) 20 The IV regression confirms statistically negative coefficients for both the U.S. and Canadian samples (not reported).
However, standard errors are inconclusively large for the U.K. and European fund samples (not reported).
The IV regression for the pooled sample yields a coefficient estimate α IV = −4.83 which is negative and highly significant. We note that both OLS regressions with lagged regressors and the IV regressions are immune to any simultaneity problem since realized returns between date t − 2 and t − 1 are used to account for rebalancing between date t − 1 and t. The equity flows induced by portfolio rebalancing after date t − 1 cannot drive the lagged return changes. Rather they are a response to the returns realizations.
As an additional robustness check, we include a lagged dependent variable RB f j,t−1 as additional regressor. To obtain consistent estimates under the short time span of the panel data, we use the Arellano Bond estimator. It corroborates the previous results (columns 4, 8, 12, 16, 24) . The coefficient estimate of −0.12 for the lagged term (column 24) shows that foreign portfolio share rebalancing is highly persistent and that only 12 percent is reversed in the next semester. It is also interesting to reproduce the rebalancing regressions in Calvet et al. (2009) by relating the active change in the foreign share on the passive change. They found that Swedish households offset about 50 percent of the passive change in risky share of their portfolio. We find a number which is similar in magnitude, i.e. that international equity funds offset about a third of any passive change in foreign equity share through active rebalancing (see columns 25 and 26).
The rebalancing model developed in section 2 does not allow for expected returns that would change 19 We also ran the following regressions RB f j,t = c + αr f j,t−k + γr h j,t−k + βD t + ε j,t ; that is we allowed for different coefficients on the domestic and the foreign returns. We found that both coefficients α and γ are significant, of the expected sign and of similar magnitude (−4.7and 5.4 respectively for the pooled sample for k = 0 and −2.6 and 3.1 respectively for the pooled sample for k = 1 ).
20 Using only time and domicile dummies as instruments (no fund specific variable) gives qualitatively similar results.
because of realized returns. All the effects come from realized values in our model, which are exogenous from the point of view of the investor and given time invariant expected returns. The hypothesis we maintain in the empirical exercise is therefore that time varying expected returns enter the error term and are uncorrelated with the realized excess return. Note that if changes in expected returns were positively correlated with current realized excess returns, then this would bias the results against finding a negative correlation. Only in the case where changes in expectations are negatively correlated with current realized excess returns could we get a potentially spurious negative coefficient. However, the regressions based on lagged returns or the IV specification should still produce the correct coefficient as long as changes in expected returns are uncorrelated with the lagged returns or with the instruments. 
Risk Rebalancing at the Fund Level
While the previous section proxied exchange rate risk with the foreign portfolio share, we now measure risk directly based on the estimated covariance matrix corresponding to the fund specific stock holdings.
Proposition 4 states that active rebalancing should produce a portfolio risk change which counteracts any passive risk change due to valuation effects. We highlight that alternative theories of international market segmentation based on information asymmetry or transaction costs do not imply an equivalent hypothesis.
But testing proposition 4 poses a formidable computational task. The portfolio risk needs to be calculated for approximately 20,000 fund periods with each fund period requiring the data input from a set of approximately 30,000 different international stocks. We use an algorithm to construct a data base with daily equity return and exchange rate data for each fund period. The covariance estimation for the half-year t is based on daily returns over the three preceding half-year periods S = {t − 1, t − 2, t − 3} . A typical covariance element is therefore estimated using approximately n = 380 daily return observations. We calculate the historical sample covariance matrix b Ω j,t−1 for fund j using the vector of (log) daily equity returns
s . It is expressed in home (fund domicile) currency and corresponds (in its stock ordering) to the vector of portfolio weights w j,t . Equity returns are measured as 'total returns' and generally account for stocks splits and dividend reinvestment. We separately estimate a second covariance matrix b Ω Eq j,t−1 based on equity returns R Eq s in local currency. The exchange rate risk covariance matrix b Ω F x j,t−1 then represents the complementary matrix in the decomposition
21 Note that we could have assumed a time varying expected return in the model (such as a mean reverting process for the expected returns). This would not change our results as long as the investors expected a mean reverting process from date zero. In fact in Hau and Rey (2006) we assumed Orstein Uhlenbeck processes for the returns without altering our results.
The covariances b Ω j,t−1 and b Ω Eq j,t−1 are identical under the assumption that all exchange rates are constant. The covariance matrix b Ω F x j,t−1 therefore captures the portfolio risk due to exchange rate movements. We apply the same data filters with respect to the fund data as in the previous section on share rebalancing measures. However, estimating the covariance matrix for each fund poses additional challenges. In particular, the return data must be sufficiently complete. We include a matrix element in the calculation of the portfolio risk if we dispose of at least 150 non-missing return pairs of daily return observations over the 18 months data window. If too many return observations are missing, we replace the covariance element by the average covariance of the stock with all other stocks in the portfolio. Moreover, a fund is discarded from the sample if more than 20 percent of its stocks (in terms of the fund asset value) feature incomplete return data. We found that more stringent selection criteria like a 5 percent of 10 percent threshold for data completeness did not qualitatively change the main results, even though it reduced the number of available funds observations.
In a first step we document the relationship between the foreign portfolio share of a fund and its corresponding share of FX risk. The FX risk share is formally calculated as the standard deviation of the FX risk relative to the standard deviation of total risk, hence
where sign function adjusts for the sign of the FX risk Table 2 ). Hence their foreign exchange risk exposure is driven by the correlation between US equity returns and the Canadian dollar exchange rate. This correlation is negative at −0.0428 in our sample 
for total and FX risk, respectively; and the portfolio risks change due to rebalancing is given by
where w j,t denotes the vector of weights at the end of period t for fund j, respectively. The risk rebalancing hypothesis is tested through a linear regression given by
A negative coefficient α < 0 indicates mean reversion for the total portfolio risk through active risk rebalancing and α F x < 0 confirms active risk rebalancing for the foreign exchange rate risk component. An obvious concern about the regression analysis in risk changes is spurious negative correlation implied by measurement error. The term b w j,t b Ω j,t−1 b w T j,t represents the portfolio risk implied by a passive holding strategy and is only estimated. But it features on both the left-hand and right-hand side of the regression with opposite signs. A substantial measurement error would induce a negative estimation bias for α. Such measurement error is likely to be fund specific. An instrumental variable approach allows us to obtain an unbiased parameter estimate. We use fixed time effects interacted with domicile dummies as instruments to capture the portfolio risk changes common across all funds in a given fund domicile and half-year. The F-test of the first stage regression shows that such fixed time effects provide reasonably good instruments for the U.S. and Canadian fund sample. The pooled IV regression in Panel A implies a parameter estimate of α = −0.29, which is very close to the OLS estimate. Eliminating fund specific measurement error from the right-hand side of the regression by projection of the portfolio risk change into a set of aggregate fixed effects does not qualitatively change the estimation result. We therefore conclude that our negative point estimate α is not due to fund specific measurement error of the portfolio risk. The corresponding IV estimates in Panel B also imply generally negative point estimates. However, the standard errors are large here given the poor quality of the instruments as indicated by the F-statistics of the first stage regression.
Next, we examine if the rebalancing effect differs across fund sizes. We classify funds above 500 millions of market capitalization as large and funds below as small. This threshold has been chosen to roughly match the median of the US sample. The OLS regressions are now repeated separately for each subsample with the coefficient estimates reported in Table 6 . We find that for equity risk the rebalancing effect is generally larger for small funds. The point estimate for the pooled sample in Panel A is α = −0.27 for small funds and α = −0.07 for large funds (not significant). This would be consistent with the world in which large funds trade less because of higher price impact. The difference is statistically significant. Panel B shows that rebalancing with respect to FX risk are not as clear cut. The difference between small and large funds in the pooled sample is not statistically significant.
Risk Rebalancing at the Stock Level
Portfolio rebalancing can be examined at the fund level, but also at the stock level. Next, we extend the analysis to the entire cross section of stock holdings of our sample. In order to reduce portfolio risk induced by valuation effects, a fund manager needs to reduce the risk contribution of certain stocks to the total portfolio risk. We can measure the risk contribution at the stock level as the marginal risk contribution of a given stock to the portfolio risk. The marginal risk contribution of a stock will depend on its weight in the portfolio and the volatility of its return but also on the covariances of its return with the other stocks of the portfolio. A passive change of the marginal risk contribution (due to valuation effects) of stock i in portfolio j is defined as
where ( b Ω j,t−1 ) i denotes row i of the variance covariance matrix b Ω j,t−1 for fund j. Active portfolio management results in marginal risk changes characterized by
The change in total risk of the portfolio of fund j is a weighted average of the changes in marginal risk contributions of all the stocks i of the portfolio. Rebalancing at the fund level will therefore imply rebalancing the marginal risk of some specific stocks. Imagine there is an increase in the marginal risk contribution of a specific stock i, which brings about an increase in aggregate risk at the fund level. We should see the marginal risk contribution of this stock decrease as a result of active rebalancing. This may consist in either reducing the portfolio weight of stock i itself or in reducing the weight of other stocks with high covariances with stock i. In contrast if we see an increase in the marginal risk contribution of a given stock i but at the same time a decrease in the aggregate portfolio risk (due to changes in marginal risks of other stocks), there is less reason to expect that active rebalancing of the marginal risk of stock i will occur. Hence the magnitude of the stock level rebalancing should be conditioned by the aggregate portfolio risk change. The rebalancing in the marginal risk contribution of a stock should occur if its marginal risk change, and the portfolio risk change have the same direction and not if they have opposite directions. The following regression captures the differential rebalancing at the stock level across these different states,
where the product of the two sign functions takes the value of 1 if portfolio risk and marginal stock risk move in the same direction and −1 in the opposite case. We highlight that the coefficient α captures only differences in the mean reversion across the two conditioning states where marginal stock risk and portfolio risk move in either the same or opposite directions. Potential measurement errors in the marginal risk term ( b Ω j,t−1 ) i• b w j,t would bias the coefficient estimate for α in each of the four sign combinations towards a negative value, but not the differences in the mean reversion across the two states captured by the product of the sign functions. This stock level regression specification based on mean reversion differences should therefore be very robust to concern about measurement errors.
The evidence for marginal stock risk rebalancing is presented in Table 7 . Panel A provides the regression results for total risk and Panel B for the marginal FX risk. We present again separate regression results for each fund domicile and split the regressor into the four conditional components: The dummy variables 1 ∆Risk( w j,t ,w j,t−1 )≥0 and 1 ∆Risk( w j,t ,w j,t−1 )<0 mark a portfolio risk increase and decrease, respectively. Similarly, we define dummies 1 ∆MRisk(i, w j,t ,w j,t−1 )≥0 and 1 ∆MRisk(i, w j,t ,w j,t−1 )<0 which condition on a marginal risk increase or decrease in stock i, respectively. The pooled results in Panel A, column (9) Both feature a relatively large FX risk share compared to funds in the U.S. and Canada.
Alternative interpretations
The empirical microeconomic propositions tested in this paper are directly derived from an equilibrium model based on incomplete international risk trading. The implications of the model are very specific and link rebalancing directly to portfolio risk changes. The theoretical implications and the empirical evidence do not square well with the implications of some asymmetric information models, which give an information advantage to the domestic investor as far as domestic assets are concerned. Better informed domestic investors tend to own overperforming domestic assets and sell them to foreign investors only at the end of the overperformance period. This implies that foreigners increase their holdings of other countries assets consecutively to excess returns on those assets. This is unlike what we find in the data. This does not mean that asymmetric information and momentum trading do not exist but in our sample and at the frequency we study (half year) they seem to be dominated by portfolio rebalancing motives.
Can the observed rebalancing result from a simple behavioral hypothesis? One such behavioral hypothesis concerns "profit taking" on appreciating stocks. Fund managers might sell stocks once a certain target price is reached. The evidence presented here reflects the decisions of investment professionals who should be less prone to behavioral biases compared to households. But we can identify two additional aspects of the data which cannot be easily reconciled with a "profit taking motive" as explanatory alternative. First, this behavioral hypothesis does not explain why funds buy foreign shares when they underperform domestic holdings as documented in section 4.1. Second, the "profit taking motive" evaluates each stock in isolation from the other portfolio assets unlike the risk based paradigm. In this context the stock level evidence in section 4.3 becomes important. A central finding there is that individual stock rebalancing is explained by the interaction of the marginal risk change of stock and the portfolio risk change. What happens to the remaining portfolio therefore enters into the rebalancing decision for the individual stock. The latter finding cannot be obtained from stock specific selling targets.
A second alternative interpretation concerns exogenous investment policies and mandates for the funds.
Could the observed rebalancing behavior result from investment policies which commit a fund to a certain range of foreign stock ownership? French and Poterba (1991) note that funds mandates are an unlikely explanation for the home bias in equity. This does not preclude their greater importance for the rebalancing dynamics documented in this paper. To the extent that such mandates exist, we can interpret them as reflecting risk management objectives of the ultimate fund investors. As such they can be interpreted as direct evidence for limited asset substitutability and support rather than contradict the main message of the paper. But rationalizing such mandates in the context of agency problems is beyond the scope of this paper. Distinguishing between mandated rebalancing and autonomous fund based rebalancing presents an interesting issue for future research.
Conclusions
We use new data on the stock allocations of approximately 6,500 international equity funds from four different currency areas over 5 years to study the time series properties of portfolio weights. Portfolio rebalancing is tested at the fund and stock level using a variety of measures. We find evidence supporting rebalancing of the foreign portfolio share as well as rebalancing based on portfolio risk measures. Active risk rebalancing reverses about a third of the risk change due to valuation effects in the course of a year. Moreover, it concerns both risk changes of the total equity risk as well as its FX component. We also find that equity risk rebalancing is larger for smaller funds while foreign exchange risk rebalancing is of similar magnitude for funds of all size. The estimated magnitude of portfolio rebalancing can therefore generate sizeable macroeconomic equity flows. The micro-evidence on fund level rebalancing is therefore consistent with international asset pricing effects like the 'equity parity condition' found in the recent literature (see Hau and Rey (2006) ).
We finally highlight that limited international asset substitutability also casts some light on the international financial adjustment mechanism. The short and medium term adjustment to trade imbalance seems to rely to a considerable degree on valuation effects (Gourinchas and Rey (2007) Proof of Proposition 1. The notations mark with an overbar X the steady state value of a variable X . Variables referring to the foreign country are denoted by a star ( * ). The investment problem is strictly symmetric for the home and foreign investors in period 1. Hence, we can assume that the equilibrium in period 1 coincides with the steady state, that is P It is straightforward to derive the period 1 holdings as
where we substituted the solution for P 1 obtained from equity market clearing as
Proof of Proposition 2.
To solve for the equilibrium in period 2, we linearize again the foreign return equations to obtain
Next, we conjecture a linear solution in the two state variables d h and d f , namely
where (γ, β, θ) represent coefficients to be determined using the market clearing conditions. Equity demand depends on the period 2 conditional return covariances. We note in particular that cov(
The conditional return covariances therefore follow as
Using market clearing for the equity markets, we can derive the following two equilibrium conditions for the parameters (γ, β, θ) given by
Eq. (7) shows that γ − β > 0 and it follows from eq. (6) that θ > 0. We can also show that ρ < (2σ 
where we use d h = d f = 0 and
Finally, market clearing in the currency market implies
with ηθ > 0. The relative foreign equity allocation (x f 2 − x h * 2 ) of the home investor is therefore reduced by relatively higher foreign dividends, that is (d h − d f ) < 0. Combining eqs. (3) and (4) to
implies for the covariance between differential equity price performance and the exchange rate
Generally, θ > 0 and γ > 0 follows for sufficiently low risk aversion ρ < ρ. Under a high risk aversion and a high exogenous exchange rate risk risk σ 2 e , the risk sharing equilibrium may no longer exist if the exchange rate risk is too large relative to the risk aversion of the agents. Then the only solution is the autarky solution in which every investor only holds his home equity.
Proof of Proposition 3: Portfolio Rebalancing Measures Based on Foreign Portfolio Shares
The portfolio return for the home country investor can be stated as
Using the linear solution in eqs (3) to (5) and E 2 = 1, we obtain
The home investor's return on his foreign and domestic portfolio component is given by
respectively. The excess return of the foreign over the domestic foreign component is then
We have 2γ − P 2 θ > 0, because
News about high future foreign dividends imply high returns on the foreign equity. The term P 2 θ captures the diminished home currency return of the foreign country investment due to the depreciation of the foreign currency. Next, we derive the implications for the portfolio shares of the home country investor. In period 1, we have P h = P f = P 1 and therefore total equity wealth is W = P 1 (x h 1 + x f 1 ) and the wealth shares follow as
2 ) denote the new period 2 wealth shares under the new prices, but absent any portfolio adjustments. These are
However, under period 2 prices, the home investor will also adjust his portfolio share. The observable wealth shares are given by
Linearization around P f 2 = P h 2 and E = 1 implies (using eq. (8))
The terms w 
The portfolio rebalancing statistics RB f is simply given by
and its covariance with the foreign excess return in eq. (8) follows as
Proof of Proposition 4: Portfolio Rebalancing Measures Based on Portfolio Risk
For portfolio risk changes defined in eqs. (1) and (2), we have to show that
The matrices for the portfolio risks are
A first order Taylor expansion around the steady state with d
The covariance of the exchange rate risk change (around the steady state with d
The covariance of the full equity risk change is given by
Both covariances are negative because β − γ < 0, 2γ − P 
Data Appendix
Thomson Financial Securities provided us with the following four data files: (i) the 'Holding Master File', containing the fund number, fund name, management company name, country code of the fund incorporation, reporting date, stock identifier, country code of the stock, and stock position (number of stocks held); (ii) the 'Security Price File', containing the stock identifier, the currency denomination of the stock price, reporting dates for which holding data is available, security price on the reporting date and the security price on the closest previous days in case the reporting date had no price information on the security; (iii) the 'Return File' containing the stock identifier, the country code of the stock, the total return index (including dividend reinvestments) in local currency; (iv) 'Exchange Rate File' containing daily dollar exchange rates for all investment destinations.
In a first step, we match holding data for each fund with holding data in the same fund in the two previous half-years. Holding data for which no holding date is reported in the previous half-year is discarded. Additional holding data from half-year t − 2 is matched whenever available. For each fund we retain only the latest reporting date within a half-year as long as this reporting date is within 100 day from the end of the half-year. The price from the 'Security Price File', the return data from the 'Return File' and the exchange rate data from the 'Exchange Rate File' is matched for the same reporting date as the holding data. If the price or return data is not available, we search for the nearest previous date with available data.
Similar to Calvet et al.(2009) , we use a sequence of data filters to eliminate the role of reporting errors in the data. We focus on the 4 largest fund domiciles, namely the U.S., Canada, U.K. and the Euro area. All small funds with a capitalization of less than $10 million are deleted. These small funds might represent incubator funds or other non-representative entities. Funds with a growth in total assets growth over the halfyear of more than 200 percent or less than −50 percent are also discarded. Finally we treat as missing those stock observations for which the return exceeds 500 percent or is below −80 percent. Missing observations do not enter into the calculation of the stock weights or the foreign excess returns. Two additional selection criteria guarantee a minimal degree of fund diversification. We ignore funds with less and 5 foreign stocks and less than 5 domestic stocks in their portfolio. Pure country funds or pure domestic funds are thereby excluded from the sample. Secondly, all funds with a Herfindahl-Hirschman index over all stock weights above 20 percent are discarded. This fund concentration threshold is surpassed if a fund holds more than √ 0.2 ≈ 0.447 percent in a single stock. Funds with such extreme stock weights are unlikely to exhibit risk diversification considerations. The latter criterion eliminates approximately 4,100 fund periods from the sample. We verify that the qualitative conclusions of our analysis is robust to changes in the fund concentration threshold.
Additional computational consideration are required for the calculation of the covariance matrix for each fund period. For a fund period t, we use a covariance estimate based on (log) return data over consecutive trading days in the 3 half-years S = {t − 1, t − 2, t − 3}. Such a data window implies typically up to n = 380 return observations for the estimation of each covariance element of the matrix. We discard as data outliers daily log returns above 50 percent and below −50 percent for both the exchange rate and the equity returns. Separate covariances are calculated for stock returns measured under constant exchange rates and for stock return converted into the currency of the fund domicile. This allows the calculation of the FX component of the portfolio risk as the difference of the two covariances. The incompleteness of the return sequence for some stocks and exchange rates requires that each covariance element be calculated individually. If the number of common return pairs for any covariance element dropped below 50 observations, we marked the corresponding covariance element as missing. Missing elements are replaced be the average covariance of the row vector. To track the degree of incompleteness of the covariance matrix, we created a quality matrix Q jt−1 which marks all missing elements by one and all computable elements by zero. The risk based analysis in Tables 5 to 7 uses the matrix Q jt−1 as an additional censoring criterion for fund inclusion. We only used fund periods for which the products b w j,t Q j,t−1 b w T j,t , b w j,t Q j,t−1 b w T j,t , w j,t−1 Q j,t−1 w T j,t−1 remains below 0.2. Funds with more than 20 percent (value weighted) missing covariance elements are discarded. Again we check that the results are qualitatively stable with respect to modifications of this quality threshold for estimation of the covariance matrix. f j,t−k − r h j,t−k of the foreign over the home component of the portfolio and also its decomposition into positive and negative excess returns using dummy variables for positive (1 ∆r≥0 ) and negative (1 ∆r≤0 ) excess returns, respectively. Separate regressions results are reported for funds registered in the United States (US), Canada (CA), the United Kingdom (UK).and the Euro currency area (EU). Our sample spans each semester between 1998 and 2002. We included fixed time effects (unreported) for each half-year and fixed fund effects (unreported) as indicated. Columns (4), (8), (12), (16) and (24) add a lagged dependent variable and report coefficient estimates obtained for the Arellano-Bond dynamic panel-data estimator (ABDP). The IV regression in column (22) uses as instrument for the contemporaneous excess returns (k = 0) the lagged excess return (k = 1) as well as interacted time and country fixed effects. Columns (25) and (26) use "passive rebalancing" as the independent variable similar to Calvet, Campbell and Sodini (2008) . Robust standard errors are stated below the coefficients. We mark significance on a 5 percent level ( * ) and a 1 percent level ( * * ).
(1) (2) (3) (4) (5) (6) (7) (8) The risk rebalancing measure ∆Risk(w j,t , b w j,t ) for fund j in semester t is regressed on the risk change ∆Risk( b w j,t , w j,t−1 ) (and its lagged value) between weights b w j,t implied by a passive holding strategy and the risk of the the original weights w j,t−1 observed at the end of semester t − 1. We undertake separate regressions for funds domiciled in the United States (US), Canada (CA), the United Kingdom (UK) and the Euro currency area (EU), respectively. The IV regression uses time fixed effects interacted with fund domicile dummies as instruments. Panel A reports the risk rebalancing regression for the total equity risk ∆Risk measured in local currency of the fund domicile and Panel B reports risk rebalancing regression for the exchange rate component ∆Risk F x of the portfolio risk. The unbalanced panel includes fund data for 10 semesters over the period 1998 to 2002. All regressions include fixed effects for each fund and for each half-year. Robust standard errors are stated below the coefficients. We mark significance on a 5 percent level ( * ) and a 1 percent level ( * * ). Table 5 , the risk rebalancing measure ∆Risk(w j,t , b w j,t ) for fund j in semester t is regressed on the risk change ∆Risk( b w j,t , w j,t−1 ) (and its lagged value) between weights b w j,t implied by a passive holding strategy and the risk of the the original weights w j,t−1 observed at the end of semester t − 1. We undertake separate regressions for funds domiciled in the United States (US), Canada (CA), the United Kingdom (UK) and the Euro currency area (EU), respectively. Funds are grouped in the small or large group based on a fund capitalization below or above $500 million in a given semester. Panel A reports the risk rebalancing regression for the total equity risk ∆Risk measured in local currency of the fund domicile and Panel B reports risk rebalancing regressions for the exchange rate component ∆Risk F x of the portfolio risk. The unbalanced panel includes fund data for 10 semesters over the period 1998 to 2002. All regressions include fixed effects for each half-year and fixed effects for each fund. Robust standard errors are stated below the coefficients. We mark significance on a 5 percent level ( * ) and a 1 percent level ( * * ). For each stock i held by each fund j the marginal risk change ∆MRisk(i, w j,t , b w j,t ) in stock i due to rebalancing is regressed on the marginal risk change under a passive holding strategy denoted by ∆MRisk(i, b w j,t , w j,t−1 ). The latter is interacted with a set of dummy variables for the sign of the passive marginal risk change ∆MRisk in stock i and the passive portfolio risk change ∆Risk of fund j. Panel A reports regressions for the the total marginal risk changes in the currency of the fund domicile and Panel B reports the corresponding regressions on for the FX component of the marginal risk, where the covariance matrix is replaced by a covariance matrix capturing only the FX risk. Formally the dependent variables are defined as ∆MRisk(i, w j,t , b w j,t ) = ( b Ω j,t−1 ) i• (w j,t+1 − b w j,t ) T ∆MRisk F x (i, w j,t , b w j,t ) = ( b Ω j,t−1 )
T where ( b Ω j,t ) i• represents the i-th row of the covariance matrix of stocks held by fund j. A marginal risk increase in stock i is marked by a dummy 1 ∆MRisk≥0 and a marginal risk decrease by the dummy 1 ∆MRisk<0 . These dummies are interacted with a second conditioning dummy 1 ∆Risk≥0 denoting a passive portfolio risk increase in portfolio j or a dummy 1 ∆Risk<0 denoting a passive portfolio risk decrease. Panel A reports regressions for the the total marginal risk changes measured in the currency of the fund domicile and Panel B reports the corresponding regressions for the FX component of the marginal risk. All regressions include fixed effects for each half-year and fixed effects for each fund. Robust standard errors are stated below the coefficients. We mark significance on a 5 percent level ( * ) and a 1 percent level( * * ). 
